This study explores three alcohol-related databases so as to provide a comprehensive understanding of drinking patterns and the prevalence of alcohol-impaired driving in Catalonia (Spain). The rate of alcohol-impaired drivers is compared with the percentage of drinkers in this population, with a particular focus on heavy episodic drinkers. Two strategies adopted by law enforcement agents when conducting alcohol breath tests are examined: i) non-random and ii) random approaches to roadblock location and driver selection. We find that heavy drinker profiles (in terms of age and gender) closely match those of alcohol-impaired drivers detected at strategically located, non-random sobriety checkpoints (especially in the case of female drivers), and that they also correlate with the age-gender distribution of drivers involved in road accidents with victims. Different drink driving patterns are detected when sobriety checkpoints are located randomly and drivers are tested at random. Older drivers are identified as a risk group as they abandon the safer driving habits in relation to alcohol shown when they were middle-aged. A combination of non-random and random controls would increase driver perception of their chances of being detected when drink driving. As such, the whole population, regardless of their drinking profile, would be alerted to the serious personal, social and legal implications of alcohol-impaired driving.
INTRODUCTION

Aims and scope
Abusive alcohol intake is a major public health risk for populations worldwide, particularly those in developed societies (Room, Babor & Rehm, 2005; WHO, 2011) .
The consumption of alcohol can lead to impulsive actions by impairing the inhibitory mechanisms that normally promote socially appropriate behaviour (Marczinski & Fillmore, 2003) . Such disinhibited actions are especially dangerous while driving, as they contribute to aggressive and risky behaviour, particularly among young drivers (Fillmore, Blackburn & Harrison, 2008) . In addition, alcohol impairs a driver's psychomotor performance, visual perception and coordination. As a result alcohol stands out as the most prevalent psychoactive substance among injured and killed drivers involved in road accidents (Isalberti et al., 2011) .
In this paper we investigate the relation between drinking patterns and impaired driving behaviour in Catalonia (Spain). Our goal is to provide insights into alcohol drinking behaviour and the decision to drive drunk in relation to an individual's age and gender.
To do so, we examine three official alcohol-related databases for the year 2012, and compare the percentage of drinkers in the population with the rate of illegal outcomes in random and non-random roadside alcohol tests. Random breath tests (RBT) differ from non-random breath tests (non-RBT) in their sample selection method, the former taking a probabilistic approach and the latter adhering to police officer criteria. We focus on the efficiency of sobriety checkpoints to detect alcohol-impaired drivers and to prevent road accidents, according to the randomness (or intentionality) in the selection of the tested driver. Specifically, we seek to determine whether there are alcohol risk profiles in the population not properly identified by traditional breath tests, in which traffic officers typically test drivers that arouse suspicions of drunk driving or those involved in an accident. 4
Background
Most studies in the literature to date analyse the drinking behaviour and drunk driving patterns of a population separately. Moreover, to the best of our knowledge, no previous attempts have been made to compare individuals' self-reported drinking behaviour and the drunk-driving patterns observed in RBT and non-RBT procedures to determine which breath-test strategy is more effective.
Spain's culture of alcohol consumption has traditionally adhered to the Mediterranean drinking pattern, with a relatively high proportion of daily alcohol intake with meals, and the avoidance of irregular heavy drinking (Rehm et al., 2013) . In recent years, however, this pattern seems to have undergone a change with an increase in heavy episodic (binge) drinking being detected in both genders (Valencia-Martín, Galán & Rodríguez-Artalejo, 2007 ). This behaviour is typified, above all, by the consumption of spirits by Spanish youth and young adults as they socialise in public places (the socalled "botellón"). The harmful, long-term effects of binge drinking on health are well known, especially among adolescents and youth (Naassila et al., 2013) and, moreover, the literature has long warned of the strong association between binge drinking and impaired driving (Duncan, 1997) and fatal crashes (Voas et al., 2006) . For instance, Flowers et al. (2008) have shown that 88% of alcohol-related driving episodes in the United States involved this drinking pattern. Also in the US, Naimi, Nelson and Brewer (2009) provide the following profile of the binge drunk driver: male, aged 35-plus and typically drinking in bars or clubs, although this profile of binge drunk drivers may be country-specific.
In order to reduce the prevalence of individuals driving under the influence of alcohol, national road safety policies in most countries make it a priority to deter drivers from drinking by making them aware of the risks involved (McCarthy & Tay, 2005) . To determine whether drivers respect the maximum blood alcohol content (BAC) level, it is common practice to locate sobriety checkpoints at previously unannounced locations alongside roads and in urban areas (Dula, Dwyer & LeVerne, 2007) . At these selected locations, traffic officers then choose at their discretion which vehicles to pull over, and whether to perform the test or not on the driver. The effectiveness of this practice in reducing the number of alcohol-related crashes has been demonstrated in countries as diverse as the United States (Fell, Lacey & Voas, 2004) , Thailand (Ditsuwan et al., 2013) , Cuba (Garcell et al., 2008) and Australia (Peek-Asa, 1999) . Erke, Goldenbeld and Vaa (2009) conducted a meta-analysis of 40 studies and concluded that sobriety checkpoints reduce alcohol-related crashes by 17%, and all crashes by between 10 to 15%. They claim that testing all drivers that are stopped may improve the effectiveness of such controls, as this would eliminate the possibility of faking normal driving behaviour.
As the drivers tested at traditional sobriety checkpoints are not randomly selected, they cannot be considered to be representative of the drinking and driving patterns on the roads. The subjectivity incurred by an officer when selecting a driver to stop can result in the non-detection of certain profiles of drink driving offenders (Wells et al., 1997) .
To counter this limitation and to alert the whole driving population to the risks of driving under the influence of alcohol, some countries have developed an alcohol detection strategy based on the random allocation of sobriety checkpoints across the territory, and the performance of a breath alcohol test on the first driver to approach an empty road block, whatever their gender, age, type of vehicle or observable driving performance (Gjerde et al., 2008; Lacey et al., 2011; Vanlaar, 2005) . RBTs have the advantage of alerting the whole population to the possibility of being detected while driving under the influence, since the perceived risk increases (Löbmann, 2002) . This serves as a major deterrent across the population strata (Homel, 1988) , regardless of an individual's personal characteristics, or the time of the day when driving. Australia introduced RBT procedures in the early 80s and today is considered to have one of the most successful programs in the world in terms of reducing the number of crashes (Erke et al., 2009) . Ferris et al. (2013) attribute Australia's success to high intensity enforcement, extensive publicity and a high visibility policy thanks to the use of custom-built "booze buses" that allow a high number of tests to be performed per hour and on-site processing. As a result, the number of drivers willing to risk detection for drink driving has fallen dramatically and, in turn, the number of alcohol-related crashes has been reduced. 6
DATA AND MEASURES
Geographical area
The geographical area covered in this study is Catalonia, a Mediterranean region located in the northeast corner of Spain, whose capital and largest city is Barcelona. In 2012 the region had a population of more than 7.5 million inhabitants (2012) 
Drunk-driving legislation
Spain's driving legislation is applicable in Catalonia, fixing a minimum legal age for driving motor vehicles at 18, with the exception of mopeds (equipped with a motor of less than 50 cc) that can be driven in urban areas at age 15. Law enforcement officers are allowed to stop any driver at their own discretion and require them to take a BAC test, whether or not they present any visible signs of impairment. values are related to BAC levels expressed in grams per litre of blood; however, there is no directly proportional constant between these two magnitudes (Jones, 2010). The average blood/breath ratio of alcohol used in Spain is 2:1. Hence, standard BAC legal limits are 0.50 g/l and 1.20 g/l, respectively. BAC notation is used henceforth in this article as is customary in the international literature. Here, drivers with a BAC level over the legal limit are defined as driving under the influence of alcohol (DUI). Some authors, such as Dula et al. (2007) , point out that the general impact of the deterrent depends upon the degree to which potential DUI drivers are made aware of the consequences of being caught driving while intoxicated. In this article we investigate the characteristics of DUI offenders but we do not differentiate the type of offence committed and the associated punishment (administrative penalties for BAC levels between 0.50 g/l and 1.20g/l, and criminal offences for BAC levels above 1.20g/l).
Alcohol-related databases: complementary sources
Three official sources of alcohol-related data were used to examine the relationship between drink patterns and drunk-driving behaviour in Catalonia.
Catalan Health Survey
The alcohol consumption habits of the general population as well as the characteristics of heavy episodic drinkers were examined by means of the Catalan Health Survey (ESCA, Catalan Health Department, 2012) . This is an official survey providing extensive information on the health of individuals in relation to a set of sociodemographic variables. The first ESCA was carried out in 1994 and since 2010 it has been performed on a semester basis. The sample uses a semi-annual stratified design, based on age, gender and geographical area (Alcañiz et al., 2014b) . The random collection of the data is performed using personal interviews, and the questionnaires of each time-period are designed to be comparable.
The survey deals, among many other topics, with population lifestyles regarding health, including self-reported alcohol intake. Individuals are asked about their frequency of alcohol consumption on weekdays and holidays over the preceding 12 months. Four types of alcoholic beverages are distinguished: beer; wine or similar; shots or fruity liquors; and spirits. Respondents are also questioned as to how many times they consumed five or more drinks on one specific occasion, which enables episodes of binge drinking to be identified. According to the Spanish Society of Family and Community Medicine, drinkers present binge behaviour if they consume more than five standard drink units (SDUs) in 24 hours at least once a month, whatever their gender 1 (Robledo & Córdoba, 2005) .
In this study, we used the ESCA-2012 sample comprising the data for 3,670 individuals aged 18-plus. Individuals were classified as 'non-drinkers', if they reported not drinking alcohol; 'drinkers', if they claimed that they drank some alcohol; and 'binge drinkers', if they admitted having drunk more than five SDUs on one specific occasion at least once a month.
Random breath tests
Alcohol related data from a sample of RBTs carried out by police officers on interurban roads in Catalonia in 2012 were analysed. The roadside survey was designed with the aim of determining the DUI percentage for the whole Catalan driving population by road type, day of the week, time of the day and other factors. A two-stage sampling process was performed. First, sobriety roadblocks were placed on randomly selected road sections. Secondly, drivers passing these sobriety checkpoints were randomly stopped by traffic officers and tested for alcohol following the standard procedure. A sample of 9,836 drivers was alcohol breath-tested. Outcome results showed that the percentage of DUI was approximately a third of the rate found in non-RBT. Further details on the design of the stratified probabilistic sample to represent vehicles circulating in Catalonia can be found in Alcañiz et al. (2014a) .
Non-random breath tests
Population data from 472,073 non-RBTs carried out in 2012 in Catalonia were provided by traffic authorities. The database consists of 455,591 preventive BAC tests -
1
The Spanish-SDU is equivalent to 10 gr of pure alcohol. performed at checkpoints sited at strategic locations and during high-risk time-slots, involving the intentional selection of drivers -and 16,482 tests carried out on drivers following motor accidents involving victims. These tests represent almost 99% of the total number of non-RBTs, while the remaining 1%, which we did not consider here, included breath tests conducted for such reasons as drivers showing visible signs of alcohol intoxication or after committing a traffic violation.
The alcohol-related data used in the study are differentiated by age and gender as shown in Table 1 . Age was measured in five-year intervals from 25 until 64 years. A further age-differentiation for under 25 year olds and over 64 year olds was not considered due to the relatively low case numbers for these age groups. It should be noted that, on average, approximately four of every five BAC tests were carried out on male drivers, for all of the different types of breath tests, reflecting their much higher presence on Catalan roads. 
RESULTS
Self-reported alcohol drinking habits and DUI rates -according to the random nature and the purpose of the BAC tests -were examined by gender and age in 2012 for the Catalan population. The results are shown in Table 2 and Figure 1 . 
Drinking behaviour by age and gender
Alcohol consumption patterns by age and gender were observed. Across the lifespan, men reported consuming alcohol much more frequently than women in all age intervals.
The greatest gender difference in the percentage of drinkers occurred among respondents over the age of 64 (28.5 percentage points). A similar drinking behaviour pattern was observed for both genders up to middle age. The peak in the percentage of self-reported alcohol drinkers in both genders was reached in their late 20s. In ages ranging from 30 to 39 the percentage of alcohol drinkers fell sharply, recovering partially in their early 40s. After that age some gender differences emerge. In the case of females, a downtrend in the number of self-reported alcohol drinkers with age was observed after the age of 49. And the lowest percentage of self-reported alcohol female drinkers was seen among respondents over 64. On the contrary, an increase in the percentage of male alcohol drinkers was detected in ages ranging from 55 to 64, while this figure fell again for individuals 64-plus, when the associated rate was similar to those observed in men in their 30s or early 50s.
The binge-drinking pattern presented a clear downtrend with age, but notable gender differences could be observed, with the number of binge drinkers in the male population being higher across all age groups. There was a large increase in male binge drinkers in the transition from their early to late 20s, when the maximum percentage was recorded (17.2%). Later the percentage of male binge drinkers fell sharply to their mid-40s, and thereafter ranged around 2%. A change was recorded in the over 64s with the percentage of binge drinkers returning to the rate that it was for males from 45 years onwards with a dip for the 60 to 64 year olds. In females, by contrast, the highest rate of binge drinkers was found among the under 25s (6.0%). Binge drinking rates also fell among women up to the age of 35, when an upturn, ending at 54, was observed.
Drink driving detection in random breath tests
To examine drink driving detection rates, we first analysed the drunk-driving patterns by age and gender observed at random sobriety checkpoints. Here, BAC levels over the legal limit did not present a clear pattern in terms of the percentage of DUI offenders in relation to age. By gender, however, the percentage of alcohol-impaired males was greater in most age intervals under 60, falling at ages beyond this. Male drivers in their late 20s were associated with a higher percentage of illegal BAC levels than drivers in their early 20s. After this peak, a relatively low percentage of DUI drivers was recorded for ages ranging from 30 to 50. A sharp increase in the percentage of illegal BAC levels was observed among male drivers over the age of 50, and this figure remained relatively high until they enter their late 60s. In the case of females, very high DUI rates were obtained at ages over 60, though extreme caution should be exercised because of the relatively small sample of BAC tests performed in this age interval (Table 1) given the low number of elderly female drivers in the Catalan population.
The differences between the RBT outcomes and the drinking habits of the general population shed some light on the propensity to drive drunk. Figure 1 shows that among the male population the rate of alcohol-impaired drivers recorded in RBTs and the percentage of drinkers presented a similar pattern for young and older drivers, whereas middle-aged drivers were less frequently detected. The estimated linear correlation coefficient between the percentages of drinkers and DUI for males was 0.48 across the whole age range, but if we only considered males under 35 and over 55, the correlation coefficient rose to 0.93. In the case of females, the correlation coefficient had a negative value of -0.61, being heavily affected by the low percentage of women over 60 who reported drinking and the relatively high percentage of female DUI drivers detected at this age. Again, the low case numbers in the 60-plus categories and thus the correlation coefficient need to be treated with caution.
A similar analysis was conducted between the rate of self-reported alcohol drinkers and the percentage of impaired drivers detected in non-RBT controls. Here, the percentage of alcohol-impaired drivers detected at preventive non-RBT checkpoints fell with age (with no notable differences between the genders), but the percentage of self-reported drinkers remained largely steady across the age intervals, especially in the case of men.
Hence, no significant relationship between these two rates was detected. The estimated correlation coefficients were not statistically different from zero at the 95% confidence level for either gender. Similarly, the percentage of drinkers -regardless of the quantity typically consumed -and the rate of DUI drivers involved in accidents presented no statistical correlation for either gender at the 95% confidence level.
Detection of binge drinking drivers in non-random controls
We examined the relationship between binge drinking patterns and the number of alcohol-impaired drivers by firstly considering BAC outcomes over the legal limit observed at preventive checkpoints. A common age pattern was found between the rate of DUI drivers detected at preventive sobriety checkpoints and the number of heavy episodic drinkers in the population, especially among women (Figure 1) .
Unsurprisingly, the group of population displaying the highest binge drinking rates (young adults of both genders under the age 35) also showed the highest detection rates for DUI offenders. However, in the case of men, the binge drinking behaviour of the youngest age groups was not fully captured by preventive breath tests, since the highest detection rate of impaired drivers was observed among those under 25, yet male binge drinking behaviour was accentuated between 25 and 34. Among females, a stronger relationship across the lifespan was observed as both rates decreased up to the age of 40, with one notable difference compared to their male counterparts: at almost every age, the rates of binge drinking were lower than the DUI-offender detection rates. Only in their early 50s the increase in the rate of female binge drinking did not correlate with an increase in the percentage of DUI drivers, which might reflect difficulties in detection.
Interestingly, women over 64 had a higher rate of illegal BAC levels than women aged between 60 and 64. The association between the rates of binge drinking and DUI offenders was analysed using linear correlation coefficients. A value of 0.72 was calculated for men and a value of 0.92 for women, both strongly significant.
Our analysis of non-RBTs conducted after an accident showed that both genders presented high rates of alcohol-impaired driving. Here again a decreasing age pattern was observed. This downward trend was particularly pronounced for women aged 25-34. The same pattern was observed for men, but occurred at a later age. Gender differences in terms of rates of alcohol-impaired drivers showed that, in most age groups, the rates of alcohol-impaired males involved in accidents were roughly twice the female rates. We investigated whether the downtrend in the age of alcohol-impaired drivers involved in accidents correlated with the percentage of binge drinkers and a strong linear correlation was observed between the rate of binge drinkers and the percentage of illegal BAC outcomes in accidents, especially for women (0.83) but also for men (0.67).
Finally, the same analysis was conducted for the rate of self-reported binge drinking and the percentage of alcohol-impaired drivers detected at random controls. The estimated linear correlation coefficients were not statistically different from zero for either gender at the 95% confidence level.
Age-related patterns observed in non-random breath tests
Unlike the outcomes obtained in the random controls, the percentage of DUI offenders detected at the preventive sobriety checkpoints and in the aftermath of road accidents showed a downward trend with age. If we compare the DUI offenders detected at preventive sobriety checkpoints with alcohol-impaired drivers involved in accidents, the proportion of illegal BAC outcomes in accidents was much higher in all age intervals.
Nevertheless, the patterns of outcomes above the legal limit by age and gender were very similar in both procedures. The linear correlation coefficient between DUI offence rates at preventive sobriety checkpoints and those collected following involvement in accidents reached 0.93 for men and 0.88 for women.
DISCUSSION
Illegal BAC levels show a downward trend with driver's age, whether DUI tests are performed at strategic locations with the aim of prevention, or after an accident involving victims. However, self-reported rates of alcohol consumption in the population remain quite stable over the lifespan, especially for men. If these non-RBT procedures are (incorrectly) assumed to provide a representative sample of drivers, and no other factors are taken into account, we might conclude that drivers are less likely to drive under the influence as they grow older. This appears to be a widely held belief;
however, here we argue that further refinements are required for a more complete understanding of a population's drinking and driving patterns.
The high-risk group of young binge drink drivers
The diagnosis of drunk-driving patterns needs to take into consideration the drinking behaviour of young Catalans, among whom the highest percentage of binge drinkers is to be found in those under the age of 35. The young are associated with drinking patterns concentrated on and around certain days (weekends), time-slots (nights) and locations (pubs, discotheques, etc.) (Dyer et al., 1990; Kairouz et al., 2002; Kuntsche et al., 2005) . The high rates of DUI presented by the young as detected in non-RBT procedures are a consequence of these drinking habits. Traffic officers typically identify such hot spots and set up preventive non-RBT sobriety checkpoints near them. As a consequence, the number of illegal BAC test results recorded by young drivers will be particularly high at non-random sobriety checkpoints. In general, preventive non-RBTs seem to be an effective strategy for detecting alcohol-impaired drivers with binge drinking habits, that is, the drinking behaviour associated with young adults.
The analysis of drinking and driving patterns of young male drivers shows that the highest rate of alcohol-impaired drivers is observed for drivers under 25, whilst male binge drinking peaks at ages between 25 and 34 years. This result suggests one of three possibilities (or a combination of the three) for male binge drinkers in this age band: (i) either they are more conscious than their younger counterparts of the risks of drunk driving and so refrain from driving when drunk; (ii) or they have a greater alcohol tolerance and can consume higher quantities of alcohol before presenting BAC levels above the legal limit; (iii) or they have learned to circumvent law enforcement agents, avoiding locations and roads where they know there are likely to be checkpoints. Given that RBT outcomes over the legal limit rise significantly at ages between 25-29, the third possibility seems more likely, at least for this age range.
It should be stressed that until their mid-40s, male binge drinking rates are much higher than the percentage of preventive non-RBT outcomes over the legal limit. By contrast, rates of female binge drinkers are lower than the rates of detected DUI-offenders in nonRBTs at almost every age. Note that the definition of binge drinking for both genders in Spain is based on the same amount of alcohol consumption. Thus, the fact that the binge drinking rates of women are lower than the impaired driving rates detected in preventive non-RBT is consistent with the greater sensitivity of women to the impairing effects of alcohol (Miller, Weafer & Fillmore, 2009 ). Additionally, we might conclude that the effectiveness of preventive sobriety checkpoints for detecting binge drinkers with heavy episodic drinking behaviour is the same regardless of a woman's age. In the case of breath tests conducted after a crash, women present lower rates of illegal BAC levels than those presented by men at all ages. According to Marczinski, Harrison and Fillmore (2008) , the fact that their intoxication levels are self-perceived as being high may help women form correct judgments about their capacity to drive, and so deter them from taking to the road.
Alcohol-impaired young drivers are also highly involved in traffic accidents with victims. Here similar conclusions can be drawn to those presented above for preventive sobriety checkpoints, with the high percentage of illegal BAC outcomes among young drivers being explained in part by their driving skills (Finn & Bragg, 1986) . Young people tend to be inexpert drivers that present aggressive, risky driving behaviour (Björklund, 2008; Shinar, 1998) . This careless approach to driving is likely to be exacerbated by alcohol consumption (Begg, Langley & Stephenson, 2003; Yu, Evans & Perfetti, 2004) . As a result of their inexperience and aggressiveness, driving while under the influence may well have a greater impact on the probability of their being involved in an accident (Fillmore et al., 2008) . Additionally, the particularly high linear correlation observed among women between the rate of binge drinkers and the percentage of illegal BAC outcomes in accidents would support the lower tolerance of females to the impairment effects of alcohol (Miller et al., 2009 ).
Finally, the expertise of traffic officers should also be stressed. The high correlation between the rate of preventive non-RBT positive outcomes and the rate of impaired drivers involved in accidents with victims seems to confirm that the criteria used by police officers for locating sobriety checkpoints and selecting drivers to perform breath tests are appropriate for detecting the profile of impaired drivers with a high risk of being involved in an accident according to their age and gender. This being the case, individuals tested at sobriety checkpoints cannot be considered representative of the population of drivers, as the location of sobriety checkpoints and the selection of the individuals is biased to test drivers with a higher probability of drinking and of being involved in an accident.
The low-risk group of middle-aged drink drivers
The self-reported drinking habits and RBT outcomes suggest that the middle-aged are less likely to drink and drive than young adults. In particular, the percentage of women claiming to drink alcohol falls sharply between the ages of 30 and 39. The explanation for this includes, but is not limited to, the age of maternity, with Spanish women on average bearing children in their 30s (Delgado et al., 2009 ). An analysis of results from random sobriety checkpoints seems to indicate that the drinking and driving behaviour of women reflect this pattern, with low percentages of DUI being observed among women in their 30s with a slight rise in their early 40s. Note that a marked reduction is observed in the binge drinking of women between the ages of 25 and 39, and hence in their illegal BAC levels after accidents. In line with Ricciardelli et al. (2001) , it seems that for women the decision to have children is strongly associated with a reduction in their alcohol consumption. A recovery, however, of moderate drinking habits among women at 39 onwards is closely reflected in the rates of alcohol-impaired driving after an accident. This might confirm that even moderate alcohol intake is quite harmful for women, who suffer alcohol-related physical and cognitive impairment at lower levels of exposure than men (Nolen-Hoeksema, 2004 ).
For men, the strong linear association between the DUI rate in RBTs and the percentage of drinkers does not remain steady between the ages of 30 and 50. At the age of 30, the proportion of male self-reported drinkers falls sharply, mainly because of the reduction in the percentage of binge drinkers, while RBTs find low percentages of alcoholimpaired male drivers. At the age of 40 while male drivers resume (a likely moderate) alcohol consumption, they continue to avoid driving drunk until their 50s.
The high-risk group of older drink drivers
Random breath tests identify older drivers as a risk group (50-64 and 60+ year olds for men and women, respectively). The propensity to drink and drive increases as male drivers grow older, which could be linked to the cessation of their role as care givers, a reduction in their family responsibilities, and finally the emancipation of children from the parental home. The same pattern is observed for women over 60, but more caution is required due to the low number of RBT carried out to older female drivers. However, neither preventive nor post-crash controls seem to detect this population as a particular risk group, which seems to indicate that non-random controls fail to capture all the drinking patterns in a population.
Unlike the young, the elderly tend not to binge drink, presenting a more regular and moderate drinking behaviour throughout the week, while their drinking habits are typically associated with non-specific locations such as restaurants or at home (Neufeld et al., 2005) . Consequently, strategic locations at which to set up sobriety checkpoints are not so readily identified by traffic agents. For both genders and all ages (except for women over 60), higher rates of DUI offenders are identified in post-crash breath tests than in preventive non-RBT and in RBT procedures. The impact of alcohol as an accident risk factor depends on the amount of alcohol consumed by the driver, but also on the interaction of drinking with other risk factors including, for instance, driving skills, risky behaviour or aggressiveness and irritability of drivers (Björklund, 2008; Shinar, 1998) . The fact that the elderly are more experienced drivers with a safety-first attitude to driving (Scialfa et al., 2012; Shinar, 1998) could explain why this profile is not identified as a group that is at a high risk of drinking and being involved in a crash.
Unlike non-RBT procedures, random alcohol controls are designed to detect drivers that have consumed any amount of alcohol (not just binge drinkers), so they are successful in identifying older drivers as a group at risk of drink driving. The lower propensity of the middle-aged to drink and drive is relaxed in ages ranging from 50-64 (males) and above 60 (females), when relatively high percentages of DUIs are detected. In particular, the small subpopulation of women that drink seems to be less aware of the risks of drunk driving than their male coevals, as high percentages of women aged 60-plus are observed driving under the influence in RBTs. Although considerable caution should be exercised due to the small number of tests conducted on female drivers in this age interval, previous studies have identified elderly women as a group at risk of drink driving (Waller & Blow, 1995) .
Increases in drink driving in elderly women should be associated with a higher proportion of alcohol drinkers at advanced ages. Geels et al. (2013) show that Dutch women consume the largest quantities of alcohol between the ages of 55 and 65 and suggest that this increase in alcohol consumption is due to the combination of a higher number of years lived in good health with a higher average income. In our study this habit among older women is not so apparent, especially after the age of 64 according to their self-reported drinking behaviour. However, the drink driving behaviour of these women (at ages 65-plus) is captured by alcohol breath tests performed at strategic sobriety checkpoints and after accidents (at ages between 60 and 64). Thus, while our results suggest that the percentage of drinkers among older women is relatively low, they are more prone to drink driving than other age groups and are detected in alcohol controls.
CONCLUSIONS
This article has centred on the trends presented by the population of Catalonia (Spain) and has sought to match information from traditional alcohol-related sources with data on alcohol-impaired driving, including random breath test samples conducted in a roadside survey. It can be concluded that preventive non-RBT sobriety checkpoints are effective in detecting drunk drivers presenting a high risk of being involved in road accidents. This group of drivers corresponds closely to self-reported binge drinkers, especially in the case of females. As such, non-random breath testing procedures seem to constitute the most effective strategy for detecting heavy episodic drinkers on the roads. However, drivers presenting a more moderate (non-binge) drinking behaviour are not consistently detected by preventive procedures following an accident. Although the probability of their being involved in a crash rises, this increase is not as great as that found for drivers with binge drinking habits. In this sense, random breath tests appear to be the best approximation of the drink-driving behaviour of the whole population of drivers. By their very nature, they provide valid information for conducting unbiased estimations of DUI rates in every age group. In addition, a comparison of BAC outcomes with the population's drinking habits would appear to be a valuable tool for identifying those ages at which individuals are most likely to drive drunk. Indeed, in the case of the male population, RBTs are the only tested procedure that correlates with drinking. Here, we have shown that such random controls are less effective at detecting binge drinkers but that they do identify other risk groups not detected when using standard non-random procedures.
The BAC information provided by preventive non-RBT sobriety checkpoints, as well as that for drivers involved in traffic accidents, is essential for understanding a population's drinking and driving behaviour. However, given the non-random (intentional) selection procedures, some groups of alcohol-impaired drivers may be overrepresented and, more worryingly, others may be underrepresented. Young drivers are typically associated with drinking behaviour that concentrates around certain days and certain locations, as well as with inexperienced and aggressive driving behaviour that is exacerbated by alcohol intake. Given that traffic officers are readily able to identify hot spots associated with the binge drinking habits of young people, they set up strategic sobriety checkpoints near them. This results in an overrepresentation of certain profiles when analysing the percentages of alcohol-impaired drivers recorded at strategic sobriety checkpoints and the number of accidents. By contrast, older drink drivers (50-64 year olds in the case of men and the over 60s in the case of women) may be underrepresented in traditional data sources. Discrepancies are observed among middle-aged drivers, suggesting that maternity/paternity has a great impact on drinking patterns and driving behaviour. Drivers, and particularly female drivers, reduce their alcohol consumption and seem more averse to drink driving in these age groups suggesting they adopt more careful behaviour during parenthood.
We conclude that empirical studies based on traditional non-random alcohol breath test results need to bear such limitations in mind when interpreting their findings. Studies based on multiple alcohol data sources are required to provide a more complex understanding of a population's drinking and driving behaviour in relation to their socio-demographic characteristics.
The following traffic safety policy recommendations might be made. It appears that a combination of random and non-random BAC tests would constitute the best strategy for detecting the drunk-driving population. Preventive non-RBTs are more effective in detecting drunk drivers with a high risk of being involved in an accident. Effective publicity campaigns for these controls are essential to keep these dangerous drivers off the road and to reduce alcohol-related fatalities. RBTs serve as an efficient deterrent at every age, and not solely among young drivers who know that the probability of being tested after binge drinking in leisure facilities (clubs and bars) is high. RBTs raise the probability of being stopped while driving under the influence of alcohol and this can be a major deterrent for the middle aged and the elderly.
Glossary
BAC: blood alcohol content.
BrAC: breath alcohol content.
DUI: driving under the influence (of alcohol).
